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Abstract

Background: Multiple trauma in mountain environments may be associated with increased morbidity and
mortality compared to urban environments.

Objective: To provide evidence based guidance to assist rescuers in multiple trauma management in mountain
environments.

Eligibility criteria: All articles published on or before September 30th 2019, in all languages, were included. Articles
were searched with predefined search terms.

Sources of evidence: PubMed, Cochrane Database of Systematic Reviews and hand searching of relevant studies
from the reference list of included articles.

Charting methods: Evidence was searched according to clinically relevant topics and PICO questions.

Results: Two-hundred forty-seven articles met the inclusion criteria. Recommendations were developed and
graded according to the evidence-grading system of the American College of Chest Physicians. The manuscript was
initially written and discussed by the coauthors. Then it was presented to ICAR MedCom in draft and again in final
form for discussion and internal peer review. Finally, in a face-to-face discussion within ICAR MedCom consensus
was reached on October 11th 2019, at the ICAR fall meeting in Zakopane, Poland.
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Conclusions: Multiple trauma management in mountain environments can be demanding. Safety of the rescuers
and the victim has priority. A crABCDE approach, with haemorrhage control first, is central, followed by basic first
aid, splinting, immobilisation, analgesia, and insulation. Time for on-site medical treatment must be balanced
against the need for rapid transfer to a trauma centre and should be as short as possible. Reduced on-scene times
may be achieved with helicopter rescue. Advanced diagnostics (e.g. ultrasound) may be used and treatment
continued during transport.

Keywords: analgesia, Advanced Trauma Life Support, emergency medical services, first aid, haemorrhage, multiple
trauma, shock, triage, wounds and injuries
Introduction
In mountain environments, multiple trauma, a life threat-
ening injury involving at least one body region with an in-
jury severity score (ISS) ≥16, may be associated with
increased prehospital time, a higher risk of accidental
hypothermia, and a lower systolic blood pressure com-
pared to urban trauma [1]. In a survey from Scotland,
78.4% of survivors were traumatised (n = 622), but only 12
(3.6%) had sustained multiple trauma [2], indicating that
multiple trauma is a rare condition. However, a multiple-
trauma patients requires more resources. Treatment cost
may exceed US$ 1 million [3] and quality of life and cap-
acity to work are often permanently impaired [4]. Out-
come from multiple trauma on a mountain may be worse
than in an urban environment. It is necessary to optimise
prehospital care of multiple trauma patients to avoid poor
outcomes related to delayed or incorrect treatment. No
specific guidelines exist for the management of multiple
trauma in mountain environments. Despite numerous
medical and technological advances, care of multiple
trauma patients in a mountain environment remains chal-
lenging. Bad weather, difficult terrain, poor visibility, and
limited rescue personnel and transport options may affect
patient outcomes. Every rescue is different. Rescuers must
exercise flexibility in selecting the transport options best
suited to each case. The objective of this review is to pro-
vide evidence based guidance to assist rescuers in the
management of multiple trauma in mountain
environments.
Methods
For this PRISMA Scoping Review (PRISMA-ScR) [5], a
working group was formed at the ICAR meeting in Sol-
deu, Andorra in October 2017. Subgroups of coauthors
were invited, based on their interests and knowledge, to
collaborate under the coordination of a lead author for
each subtopic. A PRISMA-ScR checklist is provided
(Supplemental Table 1). Population Intervention Com-
parator Outcome (PICO) questions were developed and
evidence mapped according to clinically relevant chal-
lenges and PICO questions (Supplemental file 1). All ar-
ticles published on or before September 30th 2019, in all
languages, were included. Searches of PubMed and the
Cochrane Database of Systematic Reviews and hand
searching of relevant studies from the reference lists of
included articles were performed (Supplemental file 2).
Recommendations were developed and graded according
to the evidence-grading system of the American College
of Chest Physicians (Table 1) [6]. The manuscript was
written and discussed by the coauthors. It was presented
in draft and again in final form for discussion and in-
ternal peer review within ICAR MedCom. Finally, in a
face-to-face discussion of ICAR MedCom, consensus
was reached on October 11th 2019 at the ICAR meeting
in Zakopane, Poland.

Results
Two-hundred forty-seven articles were included in this
review. Eighty-four recommendations were developed
(Supplemental file 3).

Discussion
Injury patterns of patients with multiple trauma in the
mountains
The injury patterns of multiple trauma vary according to
the terrain (e.g. grassy or rocky ground), protective
equipment and techniques (e.g. helmet, rope, belaying)
and the activity. For instance, critical injuries in climbing
often involve the pelvis and chest [7], canyoning acci-
dents the lower and upper extremities [8], and mountain
biking, winter, and aviation sport injuries the head and
thoracolumbar vertebral column [9–11].

Challenges in mountain rescue
Accidents in the mountains create challenges that are
not found in most urban scenarios. Trauma victims can
be difficult to locate and extricate because of the terrain.
Bad weather can impede rescue efforts and limit the de-
livery of on-site patient care. Environmental factors may
demand deviation from normal patterns of care provided
in an urban environments. Evacuation to definitive care
can be greatly delayed due to travel over difficult terrain
and bad weather. Medical response in mountainous ter-
rain can also be greatly delayed compared to an urban



Table 1 Classification scheme for grading evidence [6]

Grade
1A

Strong recommendation, high quality evidence, benefits clearly outweigh risks and burden or vice versa

Grade
1B

Strong recommendation, moderate-quality evidence, benefits clearly outweigh risks and burdens or vice versa

Grade
1C

Strong recommendation, low-quality or very low-quality evidence, benefits clearly outweigh risks and burdens or vice versa

Grade
2A

Weak recommendation, high-quality evidence, benefits closely balanced with risks and burdens

Grade
2B

Weak recommendation, moderate-quality evidence, benefits closely balanced with risks and burdens

Grade
2C

Weak recommendation, low-quality or very low-quality evidence, uncertainty in the estimates of benefits, risks and burden; benefits, risk
and burden may be closely balanced
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setting. Mountain victims may not receive care within
the same time frame as in an urban setting because of
the location. This article focuses on helicopter-
supported mountain rescue missions because in many
developed countries (e.g. Austria > 98%), as well as in
some developing countries, the large majority of mul-
tiple trauma patients are rescued by HEMS. Ground-
based mountain rescue services are still necessary during
conditions that prevent helicopter flights, such as bad
weather, darkness, when night vision goggles are not
available, and high altitude. Technical possibilities and
human resources may be very limited during ground res-
cue missions. In ground rescue missions, only basic
equipment may be available. The physical and psycho-
logical challenges may be extraordinary. Trauma mortal-
ity is not necessarily higher with prehospital times
longer than 60min except for patients in haemorrhagic
shock [12, 13]. The goal is to provide the best possible
care throughout the rescue effort, given the unique situ-
ation and based on the principles described in these
recommendations.
Recommendations: Consider terrain, weather, trans-

port conditions and limited resources when treating a
multiple trauma patient in the mountains (1C).

Rescuer safety
The safety of the rescuers is the first principle of rescue
(Fig. 1). Rescuers should be able to move safely in haz-
ardous mountain terrain. Helmets can reduce the likeli-
hood and severity of traumatic brain injury (TBI).
Mountain rescuers should wear helmets to protect
against TBI and should use additional safety equipment
to prevent injuries. On-site patient care may be hazard-
ous to both patients and rescuers, because of steep or
slippery terrain, rock-, ice- or snowfall, avalanches, and
low visibility. Rescuers must consider potential hazards
including transport to and from the scene, access to the
scene, clothing and equipment for the rescuers, and reli-
able communications with other agencies and team
members. Rescuers must also use personal protection
from body fluid exposures and be prepared to handle
immediate life threatening conditions. The decision to
‘stabilise on site and prepare for transport’ versus a ‘grab
and go’ approach will necessarily be made on a case-by-
case basis. In hazardous conditions, it may be necessary
to evacuate a casualty from the accident site as rapidly
as possible before any medical treatment has been given,
even if there are critical injuries [14].
Recommendations: On-site safety of rescuers takes

precedence over all other considerations (1C). Wear hel-
mets to protect against TBI (1B) and use additional
safety equipment to prevent injuries and infections (1C).
In a hazardous environment, consider a strategy of ‘grab
and go’ rather than ‘stabilise on site.’ (1C).

Critical bleeding (Cr)
In contrast to patients with multiple trauma in military
operations, patients in the mountains with multiple
trauma very rarely sustain life threatening limb haemor-
rhage that can be treated with relatively simple mea-
sures, such as a tourniquet. Rather, these patients often
sustain blunt injuries with bleeding from internal organ
injuries that can only be treated surgically (e.g. by dam-
age control surgery or interventional radiology).
In patients with multiple trauma, control of massive

external haemorrhage with methods such as compres-
sion, haemostatic agents, or tourniquets, takes priority
over other components of ABCDE because massive ex-
ternal haemorrhage leads to death most rapdily [15]. In
tactical or military medicine this is known as the critical
bleeding or the eXsanguination ABCDE approach [16]
(crABCDE or XABCDE).

Airway (A) and cervical spine (c-spine)
Maintaining an open airway is the second essential step
in the treatment of trauma patients. Oxygen is recom-
mended for trauma patients, especially at high altitude
(above 2500m), in order to preserve normoxia [17].
Available oxygen may be limited, especially during long
or technically difficult rescues. A suction device must be
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